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Report No. 710/201 
Watertown Arsenpl 

SSE» 
June 30,   1937 

EXAMINATTQN OF SLUGS FR0lf ARMOR PLATE 

SUBJECTED TO HIOH VELOCITY BULLET IMPACT 

Rnferenne:    O.K.!?.  472.9/40.1 

Purpose 

Thfj purpose of this Inveetlgatlon was to deterrclne the 

ohemiosl onalyels end mlorostrucjture of slugs blovn from 

armor piste which was aubjected to high velocity bullet 

Impact. 

CcncluBions 

1.    Chemical analysle of the sluge is ee follore: 

C 

.386 

.375 

3.29 

4.08 

Cr 

1.36 

1.37 

J&. 
.69 

.66 

8. The mlcroetruoture of the slugs consisted of rela- 

tively large grains composed of martenslte and aolcular 

trooetlte. 

3. The Brlnell hardness of the plate is reported as 

420 - 460. 

4. In superhlgh velocity bullet impact, the energy of 

the bullet Is not uniformly absorbed by tj 
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probpbly occurrlne along shear planes,  rMch In this oase 

«ppear to be white layer. 

5. Ar. Increape In etriyclng velocity, as In the case 

of auparhlgh velocity bullet Impact, promotee en Increaee 

In the rmount of white leyer. 

6. The obpervatlons obtelned herein may be helpful 

In the  Rtudy of fPllures In amor plate when subjected to 

fire with 37 mm. A.P.  eolld shot K?9. 

Hletory of SampleB 

The samplee were submitted on Reference O.K.D. 472,9/40.1. 

Balligtic Data 

Thlc^nefle   Angle 
of of 

Plate _    Indent 

.834' 70' .519 A.P, 

aanpe 

437 

Velocity 
Average       LeBoulenne 

4688 4660 
4606' 

61683 p.9.1.   62200 p.6.1. 

No buttons or spalls. 

Plate,    1 meter x 1 meter 

Hardness,    140 - 160 Kg/mm2 

Brlnell    420 - 460 

Method of Test 

The samples were subjected to the following tests: 

(a)    Spectrographlc analysis 

/ 
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(b) Chftmlcrl analyp1
P 

(c) l'.ncro anslysle 

(d) Microscopic examlnptlon 

(e) Herdneep  survey 

Resulta of Test 

1.    The result,!? of the Bpectroerephlc »nalynls are 

given in Table 1. 

TABLE 1 

Slag 3-1 

Preaent 

Present 

Present 

Present 

Trace 

Present (low) 

Nil 

Nil 

Nil 

2.     Chemical analyale of the aluga la ziven in Table 8. 

TABLE g 

JL_.Jla_HL._SlL     JfcLJk !L. 
Slug 3-1        .586      .46      3.29      1.56      .69      Nil      Nil 

Slug 3-2        .576      .49      4.08      1.57      .66     Nil      Nil 

Element 

Mlckel 

Chrorclura 

Molybdenum 

Copper 

Tin 

Tungsten 

Titanium 

Zirconium 

Vanadium 

Present 

Pre pent 

Present 

Present 

Trace 

Present (low) 

Nil 

Nil 

Nil / 
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3. ilacro and Microscopic examination of the  fllutrs 

le ehown In Flauree P and 3. 

4. Hardnpps  surveys »re  Illustrated In Figures 4,   5, 

6,   and 7. 

DlecusBIon 

The appearance of the  slugs as received Is ehown In 

Figure  1. 

A mHcroBC^lc study of sections cut through the slugs 

chows the presence of dendritic  pegregetlon elongated In 

the direction of rolling,  Figure 2.    Also,  faulting of the 

metal end white layer Is evident near the face of impact 

and ereae adjacent. 

In hlg^i velocity bullet Impact,  the energy of the bullet 

Is dissipated Into heat which caueee a local rise In temper- 

ature in the plete.    In some cases,   temperatnree spproachlng 

meltlnff teropernturoe occur along planes of greatest slip 

stress,  known herein as white layer due to their oharecter- 

istio properties of martenslte.    Local heating In the path 

of slip has oaused a phase change. 

As the energy of the high velocity bullet is not readily 

absorbed by the plate,  it is believed failure occurs along 

shear planes which in this oase are white layers. 

/ 
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An examination of the rERcroptructures In Figur« 2 

ehowe failure oocurrlnp along some of the white layers which 

are oriented In many directions with reapeot to the direction 

of Impact.     In P  few cafies,  however,   the white layers asflo- 

clated with crack  ayat.ems partially follow the contour of 

the sheared surfaoea of the slugs.    This Indicates that the 

shearing out of the slugs may have occurred along the rhlte 

layers. 

It has been obnerved recently thet shearing of slugs 

In armor plate subjected to fire,  using Cal  .30 ball m 

bullets,  occurs Glong white layert«. 

Purtherroore,   superhlgh velocity bullet Impact produces 

more white layer than an Impact of Cal  .30 armor piercing 

bullets. 

Plffuree 3a, b, c, d, Illustrate the microscopic study 

of the white layers and deformation of the slug at area of 

Impact. 

Small fragments of bullet core were attached to the 

slugs near the surface hit by the bullets,  see Figures 2a-l, 

2a-2.    The  structure of the fragments Is typical of cold-worked 

medium high carbon steel,  see Figures 3«, b, and d. The micro- 

structure of the slugs In each case Is typical of aoicular 

troostlte (see Figure 3c).    The grain site is relatively 

coarse. 

/ 
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The hnrdneae  Burveyp of  elugs S-l and  S-2 are given 

In Flt'uree 4,   5,   6 and 7,     It le evident that the metal 

was  severely work hardened at the arep of Impnct.    Herdnese 

eurveye rvvepl the presence of the reranent of the medium 

high cerbon bullet core stock at the  surface of Impact. 

Respectfully  aubmltted, 

E. L. Reed, 
Research Metallurgist 

■       /■ -        '■ 

3.  L.  Kruegel, 
Jr.  Physical  Scl. Aide. 

-^-rf^-ia-siCK-A, ^u«;*1 wi JG 
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Figur» l 

PhotoiraphB of Slugs 

Showing b«U«red Burfece of slugs 
attaoKed by bullet. 
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PlÄJ4re_2 

(a)    X6   Punching #31.    Etched Oberhoffer'e 
Reagent. 

MA 815 

(b)    X5   Puncnlng #S2.    Etched Obexiioffer'e 
Reagent. 

VA 816 

In both samplee,  deformed dendritic segre- 

gation lo evident In the direction of rolling. 

Also faulting of the metal and white layer is 

evident at area of Impact.    See arrows. 
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Figure 2» 

(1)    X3   #31.     Showing hardneeg surveys, 

resultP of which are given In Plaurea 6 

and 7.    Mao remnant of bullet core 

ehown at R-B. 

Etched \n li Nltai. 

(2)    X3   #32.     Showing hardness surveys, 

results of which are given in Figures 7 

and 8.    Also remnant of bullet oore 

shown at T-B. 

Etched in 1* Nltal 
r 
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Figure 3 

(a) X100   ^31.    Base metal of slug to right of wh.rte 
layer,  with layer branching Into It,    At the 
left,  n foreign matter costing parts of thR pen- 
etration,  and not  shown In ^Itmrea la and b, 
b«oiBUPe of etcnlng dlfflcultlefl.    We apflurae this 
niPterlHl to be part of the bullet core which 
adhered to the plate. 

MA eie 

(b)  X100    ^32. 
to right. 

Base metal of slug at left,  bullet 

MA 817 

(c) X1000 #31.    Structure of elug le trooetlto- 
sorblte with a tendency to marten alte.    Typical 
of both specimens. 

MA 822 

(d) X1000 #31. Bullet core, badly distorted by 
cold work. Lower carbon, possibly poorly 
heat treated because of the considerable fer- 
rlte areas present in the sorblte. Scattered 
nonmetalllo inclusions. This is typical of 
both specimens, 

MA 821 

/ 

r 

t. 

I 



FIG. 3 yVA L J J - JJ3 



Sett it5 - 2 To! 



M^rmt FKOM Bu 

W£SS >SURYtr OF. SLUG\S SHIT 
FRO*! fiRMOK PLATER . 

o os ib ey 
//VCH£$ fiPflRJ 



1KDHESS SUfrtr or si 0 
F*OM fig/^OG. PL ft re. 

HOT. 

OLLC 



SURVEY OF SLUGS 

BXMOK PLAT\£ 


